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PROTEINURIA IN HIROSHIMA AND NAGASAKI-JAPAN
The clinical significance of small amounts of protein in the urine is
unsettled.1'2 Often the finding is inconstant or present only during assump-
tion of the erect posture, so-called orthostatic or postural proteinuria.
Proteinuria of this description is often referred to as "benign" and, over
the years, follow-up studies have seemed to affirm this judgment. Since
this type of urinary abnormality is not usually associated with signs of
ill health, the patient is reassured and not carefully followed, and diag-
nostic procedures are not regularly undertaken. On the other hand, it is
not uncommon in clinical practice to encounter adults with serious renal
disease who recollect being told many years previously of "benign" pro-
teinuria. Furthermore, recent reports suggest that a significant proportion
of patients with orthostatic proteinuria have definite renal disease.8"' Be-
cause of the paucity of data and the conflicting opinion on this subject,
it was decided to study the natural history and clinical correlates of
proteinuria.
The investigations of the Atomic Bomb Casualty Commission (ABCC)
entail the repeated examination of a fixed sample of persons selected for
study of the long-term effects of ionizing radiation. A wide age range is
covered, and considerations of health did not deliberately enter into the
sample selection, thus providing the opportunity for many types of epi-
demiological investigations. Reported here is an attempt to use data con-
cerning proteinuria that were collected during previous examinations of
this group of subjects and to supplement those data through study of
persons found to have protein in their urine at a current examination.
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Objectives were to estimate the age distribution of proteinuria, relate this
finding to other data from the general medical examination, compare the
results of successive tests for protein, and look for a possible influence
from prior exposure to ionizing radiation.
MATERIAL AND METHODS
General medical examination of adult survivors at ABCC was initiated in Hiroshima
in 1950, with a sample of over 4,000 persons, about half of whom were not in the
city at the time of the bombing (ATB). In 1953 the sample of survivors was
enlarged, an intermediate distance group was added, and clinic procedures were
modified. Major modifications made in 1958 formed the continuing program which is
in effect today: a fixed sample was selected for both Hiroshima and Nagasaki and
a two-year examination cycle was established with random sub-groups assigned to
each month. The sample introduced in 1958 and attrition since then have been
described previously.'
Since 1950 in Hiroshima and 1958 in Nagasaki, the examinations for these programs
have routinely included tests for protein in the urine. Casual urine specimens were
examined until October 1960 in Nagasaki and November 1961 in Hiroshima, when
collection of clean voided specimens from women began. Until June 1960, sulfosalicylic
acid was used to test for protein in the urine, and positive reactions were confirmed
with the nitric acid ring test. In July 1960, Combistix® were substituted for sulfo-
salicylic acid, but positive reactions were still confirmed with nitric acid. Some
specimens found to be positive with either Combistix® or sulfosalicylic acid would be
negative when tested with nitric acid. At no time were trace tests confirmed in
either city.
Results of these tests, as well as other data, were transferred to punched cards for
easy accessibility. The classification of reactions as negative, trace, or positive for
protein has remained unchanged, but in Hiroshima the results of the nitric acid ring
test were so classified, whereas in Nagasaki the results of the screening tests, either
sulfosalicylic acid or Combistix,® were used.
The general plan was to extract from punched cards all available urine protein test
results and to examine annual positive and trace percentages for secular trends.
Selected portions of the total series were analyzed in relation to other observations
made during the same clinic visit. Thus, percentage distributions by age and sex
were examined for the 1960-1962 series of adult examinations, and family histories
of renal disease were available only from the 1958-1960 series of examinations. The
urine-protein test results reported here were all made during routine examination, and
if urine specimens were tested more than once during the same calendar year, the
result of only the first test was used.
From 25 February 1963 through 24 February 1964, 2,002 men and 3,159 women
were seen in the Hiroshima ABCC clinic for their biennial examination. Those found
to have proteinuria were subjected to special study, and comparison subjects without
proteinuria and of the same sex and age ± five years were selected from those
attending clinic on the same day as the patient with proteinuria or as soon thereafter
as possible. Three patients with proteinuria refused to participate in this study and
are excluded from further consideration.
All index and control subjects were examined and interviewed by one of us (M. S.
or J. P. P.). Responses to a self-administered health questionnaire, modeled after the
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Cornell Medical Index and administered to all patients attending clinic, were supple-
mented by a questionnaire given only to patients with proteinuria and those selected
for comparison. Methods for routine laboratory studies, such as determinations of
hemoglobin, height, weight, audiometry, vibrometry, and ABO blood grouping, have
been described elsewhere.8 Serum urea nitrogen was determined by the use of the
Hyland UN-test kit. Total urinary protein was measured by the method of Addis.9
RESULTS FROM PREVIOUS EXAMINATIONS (1950-1962)
Annual rates of positive and trace proteinuria tests in all adults examined
under major medical programs at ABCC in Hiroshima or Nagasaki are
shown in Table 1. Rates in Hiroshima appear to divide into three periods:
1950 to 1952, when the percentages of positive and trace results were
about equal and were increasing; 1953 to 1956, when the percentages of
positive results were less than those of trace results; and 1958 to 1962,
when the percentages of positive results exceeded the percntages of trace
results. Rates in 1957 do not clearly belong to either the middle or late
period.
TABLE 1. NUMBER OF ADULTS EXAMINED IN MAJOR MEDICAL PROGRAMS,
NUMBER TESTED FOR PROTEIN IN THE URINE, AND NUMBER
OF POSITIVE AND TRACE TESTS
Positive tests Trace tests
Year of Subjects Subjects
examination examined tested Number Per cent Number Per cent
Hiroshima
1950 410 409 15 3.7 16 3.9
1951 3,128 3,112 141 4.5 154 4.9
1952 699 698 37 5.3 48 6.9
1953 834 832 18 2.2 71 8.5
1954 2,135 2,134 25 1.2 287 13.4
1955 1,484 1,484 18 1.2 153 10.3
1956 644 644 22 3.4 60 9.3
1957 1,182 1,182 105 8.9 116 9.8
1958 2,278 2,264 125 5.5 60 2.7
1959 4,914 4,872 297 6.1 169 3.5
1960 5,235 5,188 312 6.0 144 2.8
1961 4,984 4,896 308 6.3 121 2.5
1962 2,324 2,296 169 7.4 70 3.0
Nagasaki
1958 215 214 17 7.9 17 7.9
1959 1,515 1,513 89 5.9 100 6.6
1960 2,640 2,617 82 3.1 84 3.2
1961 2,126 2,105 60 2.8 54 2.6
1962 1,108 1,103 20 1.8 31 2.8
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Routine testing for urine protein began in Nagasaki in 1958, and the
rates of both positive and trace findings have since declined. The decline is
partly attributable to the change in laboratory method in 1960, but it
continued in later years. This contrasts with rates in Hiroshima which,
during these same years, either were constant or possibly rose slightly.
Age standardization over the years 1958 to 1962 and in both cities
produced only minor changes in annual city rates. In Hiroshima standard
rates were more nearly constant than crude rates, but a small increase in
the rate of positive tests, from 5.5 per cent in 1958 to 6.3 per cent in
1962, remained. Nagasaki standard rates of positive tests showed a greater
drop from 1959 to 1960 than did crude rates, emphasizing the change in
laboratory procedure, but a modest decline after 1960 was still evident.
Restricting attention to the data from 1961 and 1962, when the results
from the two cities should have been comparable, it appears that rates of
trace tests were about equal, but rates of positive tests were lower in
Nagasaki. These differences are seen in greater detail in Table 2 where
the positive tests are given by age decades and sex for the 1960-1962
examination cycle, and the same general relation holds throughout. There
is no consistent pattern in the differences between men and women.
Hypertension is a recognized cause of proteinuria, but mean systolic
pressure is slightly higher in Nagasaki than in Hiroshima.8 Thus, it is
unlikely that an excess of hypertensives in Hiroshima would account for
the higher rate of proteinuria found there. Nevertheless, proteinuria rates
were recalculated for the 1960-1962 examination excluding persons with
blood pressure greater than 150 mm Hg systolic, or 100 mm Hg diastolic.
In these recomputed rates, city differences persist (Table 3). As might be
anticipated, excluding persons with definite hypertension influences rates
very little until age 50, after which rates are decreased by 25 per cent to
50 per cent in Hiroshima. The same decrease is seen in Nagasaki men
but, curiously, not in women.
Diabetes and urinary tract infections are also known to produce pro-
teinuria. Exclusion of patients with these diagnoses influenced rates very
little and did not alter the difference between the cities.
The distance of subjects from the bomb hypocenters ATB showed no
consistent relation to rates of proteinuria in 1960-1962 either when the
entire sample was analyzed or when hypertensives and others with renal
disease were excluded.
Persistence of proteinuria
The relation of test results in the first Hiroshima cycle of examinations
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TABLE 2. RATES OF POSITIVE TESTS FOR URINE PROTEIN IN 1960-1962.
EXAMINATION CYCLE BY AGE DECADE, SEX, AND CITY
Male
Number tested
118
329
708
501
678
616
219
3,169
60
188
321
211
233
174
33
1,220
Positive
tests
(Per cent)
Hiroshima
6.8
2.4
2.8
3.6
7.1
11.4
19.2
6.8
Nagasaki
3.3
1.6
1.6
3.3
3.4
3.4
12.1
2.9
Number tested
163
524
1,576
1,085
1,245
837
275
5,705
62
273
769
294
234
134
47
1,813
(1958-1960) to test results for the same subjects in the second cycle
(1960-1962) were examined (Table 4). Nagasaki data were not suitable
for such analysis owing to the methodological change in that city in 1960.
About half of the people who had a positive test at the first examination
had another positive test two years later. A trace test also increased, but
not to such an extent, the chance of a positive test two years later. Men
and women were similar in these respects.
The influence of additional variables on the consistency of repeat tests
was examined by contrasting distributions in selected groups. Thus,
persons with proteinuria on both occasions (positive-positive) had a
different age distribution from those with one positive and one negative
test (positive-negative or negative-positive). The positive-positive group
showed a general shift toward the older ages. The positive-negative and
negative-positive groups had similar age distributions, which were inter-
mediate between those of the positive-positive and negative-negative
113
Female
Age at
examination
(years)
10-19
20-29
30-39
40-49
50-59
60-69
70+
Total
10-19
20-29
30-39
40-49
50-59
60-69
70+
Total
Positive
tests
(Per cent)
3.1
4.4
2.5
3.5
7.2
8.8
24.0
5.9
1.6
1.1
1.4
3.1
4.3
2.2
10.6
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TABLE 3. RATE OF POSITIVE TESTS FOR URINE PROTEIN IN 1960-1962
EXAMINATION CYCLE, EXCLUDING PERSONS WITH SYSTOLIC PRESSURE GREATER
THAN 150 MM HG OR DIASTOLIC PRESSURE GREATER THAN 100 MM HG,
BY AGE DECADE, SEX, AND CITY
Male Female
Number tested
118
324
691
432
527
367
109
2,568
60
185
305
183
157
96
11
997
Positive
tests
(Per cent)
Hiroshima
6.8
2.2
2.7
3.2
5.3
7.9
10.1
4.5
Nagasaki
3.3
1.6
1.3
2.7
2.5
2.1
9.1
2.1
Number tested
163
519
1,535
971
912
498
104
4,702
62
270
744
257
166
83
19
1,601
Positive
tests
(Per cent)
3.1
3.9
2.3
2.7
3.4
5.2
12.5
3.3
1.6
1.1
1.3
2.3
3.0
3.6
10.5
1.9
groups. Persistence of a positive test also correlated with elevated blood
pressure (systolic > 150 mm Hg or diastolic > 100 mm Hg), but this
effect was not separated from that of age. The four groups did not differ
systematically with respect to distance ATB.
Family history
Before examination in 1958-1960, each subject was asked whether
anyone else in the family had renal disease. Approximately 10 per cent
of subjects in both cities gave positive family histories of renal disease and
this percentage did not vary significantly by age. These recorded histories
permitted calculation of proteinuria rates in the groups with and without
positive family histories. Family history of renal disease did not influence
the rates of proteinuria in all subjects, the rates when subjects with
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Age at
examination
(years)
10-19
20-29
30-39
40-49
50-59
60-69
70+
Total
10-19
20-29
30-39
40-49
50-59
60-69
70+
Total
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TABLE 4. OUTCOME OF PROTEINURIA TESTS IN 1958-1960 COMPARED
WITH 1960-1962, HIROSHIMA ONLY
1960-1962 test results
1958-1960 test results Positive Trace Negative Total
Male
Positive No. 89 13 96 198
SO0 44.9 6.6 48.5 100.0
Trace No. 11 11 78 100
SO0 11.0 11.0 78.0 100.0
Negative No. 99 71 2,455 2,625
%70 3.8 2.7 93.5 100.0
Total No. 199 95 2,629 2,923
%10 6.8 3.3 89.9 100.0
Female
Positive No. 142 10 142 294
SO0 48.3 3.4 48.3 100.0
Trace No. 25 15 114 154
%70 16.2 9.7 74.0 99.9
Negative No. 140 84 4,597 4,821
%10 2.9 1.7 95.4 100.0
Total No. 307 109 4.853 5,269
SO 5.8 2.1 92.1 100.0
diabetes, urinary infection, or hypertension were excluded, or the pattern
of repeat tests.
RESULTS FROM CURRENT EXAMINATION (1963-1964)
During the 12-month course of this special study of proteinuria in
Hiroshima, the nitric acid ring test for urine protein was positive in 232
(4.5 per cent) of the men and women who visited the clinic for their
regularly scheduled follow-up examinations. This is approximately two
thirds the rate observed in 1962 and earlier years in comparable groups
(Table 1). There is no known explanation for the lower rate. It may be
due to more careful scrutiny of test results by the technician during the
course of this study. Whatever the explanation, it is not likely to represent
a true decrease in the prevalence of proteinuria.
Age and radiation
Rates of positive tests for protein are given for 10-year age groups and
for distance groups in Table 5. Persons shown as 18 years old were in
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utero ATB, and exposure distance is that of their mothers.10 Patterns of
age-specific trends correspond generally with those of the 1960-1962 period
(Table 2), and, excepting the youngest groups, showed no differences by
distance consistent with a radiation effect. In the subjects exposed in utero,
there is a sizable increase in rates for those whose mothers were within
1,400 meters of the hypocenter (p < .01 with the sexes pooled). This is
in accord with the analyses of urine findings in these same children at
earlier ages' and suggests that the dosages of radiation to which these
children were exposed in utero were sufficient to result in some kidney
change.
TABLE 5. PROTEINURiA RATES IN HIROSHIMA, 1963-1964, BY AGE DECADES,
DISTANCE ATB, AND SEX
< 1,400
Age at
exami-
nation Number
(years) tested
18*
19-29
30-39
40-49
50-59
60-69
70+
41
50
130
71
82
100
34
) meters
Positive
tests
1,400-1,999 meters
Positive
tests
Number
Per cent tested Per cent
Male
12.2 106 5.7
0.0 27 0.0
1.5 86 0.0
2.8 42 2.4
3.7 70 5.7
8.0 78 6.4
8.8 26 11.5
> 2,000 meters
Positive
tests
Number
Not in city
Positive
tests
Number
tested Per cent tested Per cent
147 6.1
36 2.8
114 1.8
52 1.9
81 2.5
86 8.1
28 14.3
135 3.7
39 2.6
93 1.1
52 3.8
77 2.6
86 9.3
33 15.2
Total 508 4.5 435 4.4 544 4.8 515 4.7
11.1
1.5
3.7
1.3
3.8
5.8
20.0
4.4
98
55
182
123
151
101
45
755
Female
1.0
1.8
2.2
2.4
4.0
8.9
20.0
4.4
143 1.4 117 1.7
56 1.8 54 9.3
191 1.6 190 2.6
141 2.1 137 2.9
165 4.2 143 8.4
102 8.8 106 7.5
46 15.2 33 15.2
844 3.8 780 5.3
* Children who were in utero ATB.
In view of the increase of microcephaly and mental retardation in
children exposed in utero within 1,400 meters of the bomb hypocenter,U it
was deemed important to determine whether these same children accounted
116
18*
19-29
30-39
40-49
50-59
60-69
70+
Total
36
67
218
151
157
121
30
780
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for the high rates of proteinuria. Accordingly, one of us (L. R. F.) re-
viewed the records of those with proteinuria; one child was considered to
have microcephaly without mental retardation, and another was mentally
retarded without microcephaly. Both were boys with good histories for
previous glomerulonephritis, and their mothers were 900 and 1,400 meters
from the hypocenter ATB. Thus, an association of microcephaly and
mental retardation with proteinuria may exist for some, but not all, of the
children with proteinuria exposed in utero.
To approximate the frequency of positive tests for protein over very
nearly the entire normal age range, data collected annually at ages 9
through 16 years of the children who were in utero ATB, excluding those
whose mothers were exposed within 1,500 meters,' have been joined with
data from the same children at age 18, excluding those whose mothers
were exposed within 1,400 meters, and the data from the entire adult
group, regardless of location ATB. The results are shown in Figure 1 for
the two sexes separately. There is a peak percentage of proteinuria during
adolescence, followed by a fall and a rise, but the rate does not again
reach the adolescent level until age 60. The rise in adolescence starts some-
what earlier and ends sooner in females than in males. The small excess
of proteinuria in women between ages 20 and 39 is not statistically sig-
nificant, and was not apparent in previous examinations. In viewing
Figure 1 it is important to remember that the data from ages 9 through
16 are derived from consecutive examination of a fixed group of children
who were in utero ATB, and the role of secular trends, as seen in Table 1,
cannot be separated from the normal growth pattern. The remainder of
the data consist of single observations on the adults at the same time as the
18-year examination of the children.
Symptoms and history
The 232 persons found to have proteinuria and an equal number of age-
matched controls answered over 100 simple questions about their health on
a self-administered form that was used with all study subjects examined
at ABCC. On only two questions, concerning nocturia and past histories
of kidney trouble, were the percentages of replies significantly different;
in both instances subjects with proteinuria had higher rates of affirmative
replies.
A comparison of men and women under 60 years with those 60 years
and older, showed that nocturia was complained of more often by persons
with proteinuria in both age groups and both sexes. However, in women
over 60 years the difference was greater: 45 per cent in the proteinuria
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FIG. 1. Percentage of positive tests for proteinuria in Hiroshima. The study sample
was comprised of subjects 18 years of age and older. The 18 year olds had been
examined previously and those data form the basis for the observations at age 9-16.
The subjects from 9-18 years represent a group of children who were in utero at the
time of the bombing. Those whose mothers were within 1,500 meters of the hypocenter
were excluded to eliminate any possible effect of ionizing radiation.
group, compared with 16 per cent in the control group (p < .01).
Mechanical urinary difficulties were more common in men 60 years and
older with proteinuria, who complained significantly more often (p < .05)
of a decrease in size of the urinary stream (32.6 per cent) than did control
men of the same age (11.6 per cent).
Selected diagnoses made at previous examinations at ABCC are listed
in Table 6. Hypertensive heart disease, renal diseases, and, with sexes
pooled, diabetes were significantly more common in persons with pro-
teinuria. Thyroid diagnoses were tabulated because thyroid disease is
fairly common in these women, and the hypercalciuria and nephrocalcinosis
sometimes associated with hyperthyroidism might provide an explanation
for some cases of proteinuria. It was of interest, therefore, that diagnoses
of thyroid disease had been made considerably more often in women with
proteinuria than in women without proteinuria. Considering this group of
diseases as a whole, about twice as many persons with proteinuria as
without had received diagnoses.
To supplement recorded diagnoses, study subjects were asked by ques-
tionnaire about selected aspects of their medical histories. In light of recent
evidence suggesting a possible relationship between analgesics and renal
disease,'8 questions about the use of headache medicines and phenacetin
118
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TABLE 6. PERCENTAGE OF PREVIOUS DIAGNOSES AT ROUTINE ABCC
EXAMINATION IN PERSONS WITH AND WITHOUT PROTEINURIA AT
CURRENT EXAMINATION
Male Female
Proteinuria Control Proteinuria Control
Diabetes (260)* 20.7 12.0 7.1 2.1
Hypertensive heart disease
(440-443) 18.5t 3.3 17.9t 7.9
Atherosclerotic heart disease
(420) 3.3 4.3 1.4 0.7
CVA (330-334) 2.2 2.2 2.1 0.0
Thyroid disease (250-254) 0.0 0.0 10.0t 2.1
Venereal disease (020-039) 9.8 8.7 10.7 6.4
Renal disease (789.0-789.2;
789.4; 590-594; 601-609) 19.6t 4.3 25.Ot 6.4
One or more of above 56.5t 29.3 55.Ot 20.7
* Numbers in parentheses are taken from: World Health Organization Manual of
the International Statistical Classification of Diseases, Injuries, and Causes of Death,
Vol. I, 1955 Revision, Geneva, 1957.
tp < .05.
were included. Subjects were asked about their use of vitamins because
preparations containing Vitamin D are used liberally by the Japanese. No
significant differences between the groups were seen. "Stomach trouble" is
common in Japan and a milk-alkali diet is known to predispose to nephro-
calcinosis, a possible cause of proteinuria. Curiously, treatment for peptic
ulcer was significantly (p < .05) more common in control men (20.7%0)
than in men with proteinuria (3.3%). As might be expected, histories
of previous X-ray of the kidney were more frequent in persons with
proteinuria than in controls. Reported percentages of complications of
pregnancy, abortions, and gynecological operations were not significantly
different in the two groups of women.
ABCC medical records of index and control subjects were reviewed to
estimate clinically the frequency of glomerulonephritis. Cases were included
if that diagnosis had ever been made explicitly or if the patient had ever
complained of hematuria or edema. Table 7 shows that in the group with
proteinuria, 27 (11.6%o) met these criteria while only five (2.2%o) of the
controls did so; a statistically significant difference (p < .01). Glomerulo-
nephritis is usually thought to be more common in men, but these data
do not support that observation.
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TABLE 7. PERCENTAGE OF RECORDED HISTORIES OF GLOMERULONEPHRITIS IN
PERSONS WITH AND WITHOUT PROTEINURIA AT CURRENT
EXAMINATION, BY AGE AND SEX
With proteinuria
Glomerulonephritis
Age at Number
examination of patients Number Per cent
Male
18* 25 5 20.0
19-59 24 2 8.3
60+ 43 2 4.7
92 9 9.8
Female
9 4 44.4
71 10 14.1
60 4 6.7
140 18 12.9
All cases
34 9 26.5
95 12 12.6
103 6 5.8
232 27 11.6
Without proteinuria
Glomerulonephritis
Number
of patients Number Per cent
24 1 4.2
25 1 4.0
43 0 0.0
92 2 2.2
11 0 0.0
73 2 2.7
56 1 1.8
140 3 2.1
35 1 2.9
98 3 3.1
99 1 1.0
232 5 2.2
* Children who were in utero ATB.
NoTE: It is not valid to compare percentages of positive histories between different
age groups because intensive medical surveillance was not carried out for the older
subjects during the same period of their lives as the younger subjects.
A history of glomerulonephritis was obtained from nine 18-year-olds with
proteinuria. The mothers of four of these children were within 1,400 meters
ATB. Four is significantly larger (p < .01) than the binomial expectation
for a random selection of nine children from the total group of 823 in-utero
children, of whom about 9 per cent had mothers who were within 1,400
meters ATB (Table 5). Thus, 18-year-old subjects with proteinuria and
a history of glomerulonephritis tended to come mostly from those who had
been close to the bomb hypocenters. By contrast, 18 persons over the age
of 18 years had proteinuria and suggestive histories of glomerulonephritis;
five (27.7%o) of them were within 1,400 meters ATB. In the total group
of persons over age 18 years, 27.9 per cent were within 1,400 meters ATB.
120
Total
18*
19-59
60+
Total
18*
19-59
60+
Total
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Physical and laboratory findings
Means and variances of systolic and diastolic pressures were computed
separately for men and women, in three age groups, with and without
proteinuria. Three measurements of blood pressure were summarized in
this way: Current pressure taken with the patient prone and standing, and
a prone pressure recorded four years earlier. Altogether, 36 comparisons of
means and 36 of variances in persons with and without proteinuria were
made. The mean pressure of persons with proteinuria exceeded that of
controls in 35 of these comparisons, and the variance of pressures in
persons with proteinuria was larger in 32 comparisons. If indeed there is
no difference in the mean or variance of blood pressure in persons with
and without proteinuria, these results would be quite improbable.
Distributions of prone pressures at the time of current study are shown
in Table 8. The great bulk of pressures in persons with proteinuria is
within normal limits, overlapping the distributions of pressures in persons
without proteinuria, and suggesting that small individual elevations in
pressure are present throughout the entire range. Great similarity of these
distributions with those of prone pressures recorded at routine examination
in 1958-1960 (Table 9) suggest that blood pressure elevations had been
present for some time. The possibility that these pressure elevations pre-
ceded the proteinuria was supported by the distributions of 1958-1960
blood pressures in the 103 persons now positive for proteinuria who had
been negative in 1958-1960, and the smaller group of 53 who were negative
for proteinuria in both 1958-1960 and 1960-1962. Both distributions are
similar to that of the entire group, with a slight clustering of high pressures.
At current examination, special note also was made of heart failure,
edema, arthritis, eye ground changes, and unequal peripheral pulses. Only
heart failure was significantly more frequent in persons with proteinuria
(3.4%o) than in controls (0.4%').
The outcome of tests for protein in the urine during past examinations
and the results of testing for red and white blood cells during the current
examination are shown in Table 10. The results for protein are consistent
with the data presented in the retrospective analysis constituting the first
portion of the present study; about 50 per cent of persons with proteinuria
had proteinuria on the previous examination (1960-1962) and a somewhat
smaller percentage during 1958-1960. Red blood cells were found signifi-
cantly more often in the urine of patients with proteinuria. The finding of
white blood cells was similar to that of red blood cells, but the differences
were not consistent within small age divisions. Glycosuria was found more
often in patients with proteinuria than in controls, but differences are not
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significant. Urinary protein was measured quantitatively in 119 patients in
the current series. Twenty-four hour samples were analyzed in 100 in-
stances, and overnight collections in the other 19. In 24 instances, less than
100 mg. of protein and in nine instances one gram or more of protein was
excreted per 24 hours; the remainder excreted between 100 and 999 mg.
Three of the nine subjects excreting one gram or more of protein gave a
history of glomerulonephritis, none was diabetic, and only one had a
diastolic blood pressure as high as 100 mm. Hg.
TABLE 10. PERCENTAGE OF URINARY FINDINGS IN PERSONS WITH AND
WITHOUT PROTEINURIA AT CURRENT EXAMINATION
Male Female
Test result Proteinuria Control Proteinuria Control
1958-60 proteinuria
Trace* 9.8t 2.2 7.1t 6.4
Positive 30.5 2.2 42.9 3.6
1960-62 proteinuria
Trace 6.5t 4.3 7.1t 0.0
Positive 50.0 1.1 51.4 3.6
Sugar
Trace or 1 + 13.0 12.0 4.3 0.7
2+ to 4+ 5.4 2.2 1.4 2.1
Red blood cells
1 to 5 21.7t 14.1 36.4t 25.7
> 5 10.9 3.3 20.7 6.4
White blood cells
1 to 5 18.5 14.1 24.3t 18.6
> 5 4.3 3.3 20.7 7.1
* In each distribution the negative findings, which have been omitted, accounted for
the difference between the percentages shown and 100 per cent.
t P < .05.
Measurements of serum urea nitrogen (SUN) were made in almost all
subjects and the mean SUN levels, shown in Figure 2, rise with age. In
the three age divisions, subjects with proteinuria had higher mean SUN
levels than did controls. Concomitantly with the study of proteinuria,
another project was in progress dealing with the epidemiology of urinary
tract infection in women.' Published results demonstrated an increase in
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mean blood pressure levels of women with urinary infections similar to
that seen here in proteinuria. SUN levels also were measured in these
infected women; the mean levels are shown in Figure 2, and are no
different from control values.
Serum cholesterol levels, hemoglobin concentrations, height, weight,
ABO blood groups, audiometry and vibrometry were not significantly
different in subjects with and without proteinuria.
E 25 e PROTEINURIA
o 0 PROTEINURIA CONTROLS
E URINARY TRACT INFECTION
z
o MALE' FEMALE 0
t15d u
z
w
w
FI.2 eaeu ure toroe level inpesnwihaditotrtiuiat
cureneami nin some w i
Famly hiiss and Ncoe nomic staus zz zzz z z z z z z z z: z z
UNDER40 40-59 60.- UNDER 40 40-59 60+
AGE AT EXAMINATION (YEARS)
FIG. 2. Mean serum urea nitrogen levels in persons with and without proteinuria at
current examination and in women with urinary tract infections.
Family history and socio-economic status
By questionnaire, each person with proteinuria and each matched control
was asked whether any other family member had diabetes, arthritis, kidney
trouble, renal disease, kidney stone, kidney infection, heart disease, hyper-
tension, or stroke. Information on size of home, type of water supply, and
education was available in records for use as indices to socio-economic
level. No differences between proteinuria and control patients were found.
DISCUSSION
These data indicate that the finding of minimal proteinuria during a
sample survey is reason to suspect underlying cardiovascular-renal disease.
Quantitative measurements of protein excretion were done in about half
the persons with a positive nitric acid ring test. In only nine instances was
one gram or more of protein excreted per 24 hours. About half the group
with positive tests for protein in 1963-1964 had had positive tests when
examined two years earlier. Nevertheless, the group with proteinuria had
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more complaints on questionnaire: higher blood pressures, currently and
four years earlier; higher SUN levels; more previously ABCC-diagnosed
cardiovascular-renal disease; and more frequent histories of illness com-
patible with glomerulonephritis.
Proteinuria rates were not related to exposure distance ATB in subjects
irradiated after birth. Analyses were made of rates in the total sample, in
nonhypertensive subjects, and in persons with no family history of renal
disease, and of repeat test patterns. No relation to radiation exposure was
detected.
There does seem to be a relation between proximity to the bomb hypo-
center and rates of proteinuria in 18-year old subjects who were in utero
ATB. A previous study, combining children of various ages, did not reveal
differences between exposed and control subjects in the frequency of sig-
nificant urinary abnormalities." However, an analysis of the urine findings
at age 9 through 16 years of the subjects who were 18 years old in the
present report did show suggestive differences according to radiation
exposure.' In Hiroshima children whose mothers were within 1,500 meters
of the bomb hypocenter, boys at ages 12, 15, and 16, and girls at ages 11,
13, 14, and 16 had higher proteinuria rates than did control children. Only
the differences for girls at age 13 were statistically significant.
It is noteworthy that the mothers of four of the nine subjects in this age
group with proteinuria and histories of glomerulonephritis were within
1,400 meters of the bomb hypocenters. The mothers of another three sub-
jects were at 1,600 or 1,800 meters. These data suggest that radiation
increases the frequency of proteinuria in these children during adolescence
and that associated histories of glomerulonephritis are particularly common.
Whether this results from an increase in the usual causes of glomerulo-
nephritis (e.g., streptococcal infection) or whether in-utero radiation
causes a syndrome resembling glomerulonephritis cannot be determined
from the present data. Although the children exposed in utero did not
receive doses of radiation sufficient to cause renal damage in the adult
kidney,8""'6 it is possible that there was sufficient radiation to affect the
fetus.'-"8 However, it must also be considered that living close to the
zone of total destruction and greatest economic deprivation might have
resulted in a high rate of streptococcal infection and an increased risk of
glomerulonephritis.
The age-specific rates for proteinuria in this Japanese sample are similar
to those found in rural and urban adult Jamaicans by Miall, Kass, Ling,
and Stuart.' In the present study, however, it was possible to extend the
age range by including serial data from a group of children examined
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at ages 9 through 16 years. At age 18 these children were examined as
part of the same survey from which the adult data were obtained. Age-
specific rates begin low, reach a peak in adolescence, then decline and
rise again with increasing age but do not reach the frequency found at
adolescence until age 60. Acute leukemias peak in childhood and again
in older age groups, but most diseases have either high rates in early
years and decrease with age or, much more commonly, start at a low
frequency and increase with age. It is curious that the age distribution
curve for acute leukemias, a group of diseases whose rates are well known
to be increased by exposure to radiation, bears some resemblance to that
for proteinuria.
A question that comes to mind is whether those children with proteinuria
during adolescence are the ones who have it in later life. Corollary to this
is the possibility that increased rates of proteinuria in children exposed to
radiation in utero indicate an increased risk of generalized cardiovascular-
renal disease later in life. These important issues can be clarified only by
continued observation of the present group of young adults for another 30
or 40 years. The task is difficult, but the implications are important. If
proteinuria during adolescence is predictive of proteinuria in later years,
it would be possible to identify, early in life, those who later would be
candidates for the "degenerative" disorders associated with proteinuria,
principally arteriosclerotic and arteriolosclerotic vascular disease. There
are some studies of this problem but considerably more data are necessary
to establish the long term outcome of subjects with proteinuria in early
life.'
Proteinuria is more common in Hiroshima than in Nagasaki but the
explanation for this is not apparent. The subjects under study were
selected similarly, have similar customs, and live under similar conditions.
Furthermore, proteinuria rates seem to be increasing in Hiroshima and
falling in Nagasaki. A comparable situation was reported previously for
the finding of glycosuria and the diagnosis of diabetes mellitus.' Here, too,
the abnormality was more common and seemed to be on the increase in
Hiroshima. It was of interest also that subjects with thyroid disease had
significantly higher rates, whereas subjects with peptic ulcer had signifi-
cantly lower rates of proteinuria than controls.
Tests for protein in the urine are simple and widely used in medical
laboratories. Yet annual rates of positive and trace results show fluctuations
that, in some measure, probably are due to methodological variation. Simi-
larly, the lower rate of positive test results recorded during 1963-1964,
compared with the previous examination in 1960-1962, probably is the
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consequence of laboratory variation. Such differences lend considerable
emphasis to the need for careful control of laboratory standards in longi-
tudinal studies such as those under way at ABCC. Of even greater concern,
perhaps, are those qualitative clinical judgments that are not so easily
subject to verification as are quantitative and semiquantitative procedures.
A study of the epidemiology of urinary tract infections in this population
has already been reported.! Higher mean blood pressures were detected in
patients with urinary infections than in uninfected patients. In the exami-
nation conducted four years previously, the difference between blood pres-
sures of infected and uninfected patients was not significant, indicating
that the elevation of pressures occurred in the interval. SUN levels were
determined in the infected women but, because of the absence of control
values, were not reported previously. These data are included in the
present report. Despite a comparable rise in blood pressure, subjects with
proteinuria had elevated SUN values, whereas subjects with urinary
infections did not.
SUMMARY
A study of the epidemiology of proteinuria was conducted on about
5,000 persons comprising a portion of the clinical sample under study at the
Atomic Bomb Casualty Commission. In addition, data from previous
examinations of similar samples were analyzed. Proteinuria was more
common in Hiroshima than in Nagasaki. The rates for men and women did
not differ within cities. Age-specific rates of proteinuria were peculiar,
peaking in adolescence and old age. In the subjects under study, proteinuria
was frequently inconstant and usually represented excretion of less than
1.0 gm. of protein per day.
Prior exposure to radiation as measured by distance from the bomb
hypocenter was correlated with increased proteinuria rates in 18-year-old
subjects who were in utero ATB. Subjects exposed after birth did not
show this tendency. It is unsettled whether this is an effect of in-utero
irradiation and, if so, whether radiation results in renal disease by
increasing the subject's susceptibility to the usual causes of glomerulo-
nephritis or by some more direct mechanism.
Persons with proteinuria had higher mean blood pressures and serum
urea nitrogen levels than controls and had other findings indicative of
generalized cardiovascular-renal disease. Persons with thyroid disease had
an increased risk of proteinuria whereas the converse was true of those
with a history of treatment for peptic ulcer.
Many other factors were tested for a relation to proteinuria, including
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family history of renal disease, socio-economic status, urinary symptoms,
ingestion of medications, physical findings, hemoglobin levels, height,
weight, ABO blood groups, audiometry, vibrometry, and serum cholesterol
levels. Although urinary symptoms were more common in persons with
proteinuria, the findings in other areas were not sufficiently different to
suggest meaningful relationships.
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